Bioinformatics, the application of computer science to biological problems, is a central feature of post-genomic science which grew rapidly during the 1990s and 2000s. Post-genomic science is often high-throughput, involving the mass production of inscriptions (Latour and Woolgar, 1986). In order to render these mass inscriptions comprehensible, bioinformatic techniques are employed, with bioinformaticians producing what we call 'secondary inscriptions'. However, despite bioinformaticians being highly skilled and credentialed scientists, the field struggles to develop disciplinary coherence. This paper describes two tensions mitigating against disciplinary coherence. The first arises from the fact that bioinformaticians as producers of secondary inscriptions are often institutionally dependent, subordinate even, to biologists. With bioinformatics positioned as service, it cannot determine its own boundaries but has them imposed from the outside. The second tension is a result of the inter-disciplinary origin of bioinformatics -computer science and biology are disciplines with very different cultures, values and products. The paper uses interview data from two different UK projects to describe and examine these tensions by commenting on Calvert's notion of individual and collaborative interdisciplinarity and McNally's (2008) distinction between 'black box optimists' and 'black box pessimists'.
Introduction
'You then reached a point where you suddenly had something awfully like the Amalgamated Union of Bioinformaticists starting to say 'no we do [bioinformatics] , you don't' (Dr Harrison).
Methods
The paper draws on empirical evidence from two research projects conducted between 2004 and 2008, providing a snap-shot of post-HGP bioinfomatics. The first project (2004) was a small-scale qualitative examination (10 interviews) of scientists working in the field of bioinformatics at one UK institution. These included interviews with respondents who identified themselves as biologists, as computer scientists, and as bioinformaticians. The majority worked on genomics and related research, but one interviewee was a biologist with a broader interest in the application of computing to biological problems. Most respondents were mid-career researchers, though one PhD student in bioinformatics was interviewed. All respondents were working in bioinformatics at a single research intensive university; the research focused on the disciplining of bioinformatics within that institution.
The second project (2004) (2005) (2006) (2007) (2008) , was a qualitative study of genomic scientists working at a number of UK universities. 31 interviews were supplemented with fieldnotes taken during conferences, workshops, bioinformatics courses, and informal meetings. Interviews were conducted with researchers from five different researchbased UK universities working in the area of bioinformatics and proteomics.
Respondents were a mixture of mid and later career researchers, with the exception of two PhD students. A senior manager involved in distributing bioinformatics funds was also interviewed. The perspective of bioinformatics presented in this paper is therefore from academic bioinformaticians in research-intensive universities working on the prominent branch of bioinformatics that deals with data from genomic and genomic-related data. The institutional background of the interviewee and the year in which the interview was conducted are provided after each extract to provide the reader with additional context.
Interviews and fieldnotes were analysed by content for emergent themes (Weber, 1990) . Extracts used in this paper have been anonymised.
The Amalgamated Union of Bioinformaticists
The 'boundary-work ' (Gieryn, 1982) in these accounts is practical as well as rhetorical. In order to become a discipline, boundaries must be established. From an open, heterogeneous beginning, the boundaries of the field have hardened, according to Dr Harrison, a biologist and senior manager at a UK funding council:
When you have something very new that comes along, there is a sort of process of growth which is quite interesting [...] When bioinformatics first started, people started saying this is all very interdisciplinary [and] we have got to have no boundaries, we are drawing on skills from all sorts of people, we are terribly eclectic and it is open to all-comers and it is a very new field.
It then starts to attract funding and then starts to develop a professional infrastructure of its own where people go to conferences, and they meet one another, and they start forming ideas of whether the people they are meeting are the same as them or not.
You then reached a point where you suddenly had something awfully like the 'Amalgamated Union of Bioinformaticists' starting to say 'no we do it, you don't'. They put up little barriers and try to make sure they are fighting for their own corner, their own money and their own professional identity [...] The problem with bioinformatics is that it is not essentially biology so these were people in a field where they weren't doing the things that biologists did, they weren't doing experiments, not in the sense that biologists see experiments.
So they were fighting the fact that they were up on the peer review panels so we would look at what they were doing and say this isn't biology, why are we paying for it? And other bizarre things like that (2005) .
Dr Harrison describes the transition of bioinformatics from a field in which early inter-disciplinary idealism ruled, to one in which the need for coherency and strong self-identity has risen to the fore. The development of a disciplinary identity and a disciplinary infrastructure go hand-in-hand. A 'tribe' forms, which competes with others for the resources, material and otherwise, of academic society (Cook-Deegan 1994) . This is a normal feature of the disciplining of research fields; staking out territory and building defences in order to keep others out (Becher, 1990) . This disciplinary distinction is important as it feeds into university systems of reward and recognition (Bourdieu, 1988) . Dr Harrison, a biologist, describes bioinformatics as 'not essentially biology'. His logic is based on the practices involved; bioinformaticians do not perform experiments, at least not in the way that biologists do. Their practice involves the manipulation of the primary inscriptions produced by biologists, rather than the transformation of the natural world into inscriptions. According to Dr Harrison, peer review panels conclude that many bioinformatics proposals should not be a priority for resources allocated to biological research, as they are not biology. A bioinformatician might read this as an argument for the development of an even stronger disciplinary identity -an Amalgamated Union of Bioinformaticians perhaps.
For a biologist, the development of hard boundaries and a strong self-identity is unwelcome; rather than an autonomous discipline with an independent set of interests and perspectives, bioinformatics should remain in a symbiotic, subsidiary relationship to biology.
The suggestion that bioinformatics is not biology rests, in part, on the distinction between the 'wet lab' and the 'dry lab' (Penders, Horstman and Vos, 2008) . As the labels suggest, the difference is not only one of location, but also one of practice. Both deal with biological problems, but they have different methods and approaches to biological objects. Bioinformatics work is often conducted away from traditional laboratories; at computers requiring no physical co-location with the biological objects under study. This entails a cultural, epistemic, and practical shift in the way of doing biology, from the manipulation of the material to produce inscriptions, to the manipulation of the symbolic; transforming existing primary inscriptions (Latour and Woolgar, 1986) into secondary inscriptions -a shift that mirrors wider changes in work in the Information Age (Castells, 2000) .
Bioinformatics can be seen as a field of practice dependent on 'wet lab' biological sciences. Many participants questioned the idea that bioinformatics was, or could be, an autonomous discipline. Dr Woodbridge, a bioinformatician based in a biology department, thought of bioinformatics as a field of practice within biology:
I've got a slight problem with thinking of bioinformatics as this sort of separate, discrete subject in itself anyway. I think it's an aspect of biology. (2004) Kirk, a research fellow in bioinformatics, also argues that bioinformatics is not an autonomous discipline. For Kirk, as with Dr Woodbridge, bioinformatics is a subordinate discipline, dependent on the existence of laboratory-based science to provide it with the material for its own explorations -data; the inscriptions of the wet lab.
I do not see bioinformatics to be a separate discipline […] [It] has been hooking its nose into every discipline […] I mean, it cannot be a separate discipline; it is a subset of every discipline. (2004) The wet lab and the dry lab are very different places, in which very different forms of work are practised. The dependent, subsidiary, but essential nature of bioinformatics places it both at the epistemic centre of contemporary life sciences, and at the institutional edge. The development of shared definitions and understandings helps new disciplines to form. This not only enables the sharing of concepts, data, and techniques, but also aligns ideas about the organization, trajectory, and self-identity of the emerging discipline. If bioinformatics is to be a discipline, some degree of collective understanding of what the practice of the field entails is necessary. We found that the answer to the question, 'what is bioinformatics?' depends, to some degree, on the disciplinary hinterland of the bioinformatician. This background determines the value that they place on different kinds of data, knowledge, outputs, and practice, but also introduces tensions into the field. For Dr Michaels, biological data presents interesting computational and mathematical problems, aside from their biological significance. Given that a homogeneous bioinformatics could only be a bioinformatics closely tied to biological problems, an adjunct to biology, a heterogeneous future is one in which computer scientists can find academic fulfilment working in a broadly defined field.
Different camps coming from different directions
Going further, Dr Campbell, a reader in bioinformatics and proteomics who has a background in computer science, argues that only a bioinformatics that is closely tied to computer science can claim disciplinary autonomy.
I think that you can only define [bioinformatics] as a discipline, if you are really doing some cutting-edge research and you are using entirely new statistical computational or mathematical approaches in the area that hasn't been used before [...] I think then it becomes a discipline. Otherwise, I think it is a service or a facilitator for knowledge (2006) .
In other words, the potential for bioinformatics to stand outside the control of biology lies not in its usefulness to, but in its difference from biology. The question of bioinformatics being positioned as a service to biology, and the tension between 'service' and 'discipline' conceptions of bioinformatics, is developed in more depth in the next section.
These extracts are not intended to persuade the reader that the 'camps' in which biologists, bioinformaticists and computer scientists pitch their tents are distinct intellectual objects with hard boundaries. However, divisions within a field of work have material implications. For Dr Campbell, the heterogeneity within bioinformatics prevents any one scientist becoming a 'complete' bioinformatician. For Dr Kennedy, a bioinformatician, the lack of genuine multi-skilled individuals is a problem for the specialism.
There are very few people who have got the ability to think biologically and also to think in terms of the computing needs. This is a problem (2006).
The existence of two camps demonstrates not just the epistemic problems of interdisciplinarity, but also the difference in interests. Dr Fairbrother, a lecturer in bioinformatics, argues that, as we found with Dr Michaels, many computer scientists see biological problems as a proving ground for the theories and techniques of computer science, rather than interesting problems in their own right.
Let's say for instance we are supposedly solving these biological problems and all these sorts of things. But the computer scientists come in and it is more of the case of here is a problem that I can apply my pet technique that I have been working on in the past ten years. I can get some money to work on it, but it doesn't actually have to produce anything useful […] It is quite difficult because I don't think the biological community has the expertise to drive things forward where it wants to be going. And if you can't drive yourself and 
Service versus Discipline
There is a widely accepted hierarchy of esteem in scientific disciplines; physics at the top, followed by chemistry and then biology to make up the 'hard sciences', which are collectively higher in this hierarchy than the 'soft' or 'human' sciences, which themselves have a hierarchy of hard to soft (Storer, 1967; Cole, 1983) . However, the disciplines lower in this hierarchy are not subordinate to the 'harder' disciplines.
Bioinformatics faces the question of whether it is to be an autonomous, academic, research discipline, an independent sub-discipline, or a service subordinate to biology.
In attempting to establish bioinformatics as an autonomous field of research, bioinformaticians are dependent on the weight and value (both esteem and material)
given to bioinformatics by biologists. People trained in the 'wet lab' are the strategic research planners, make up peer review panels, and dominate department hierarchies, which leads to an understanding of bioinformatics taking hold that is in the interests of those who do not work directly in bioinformatics. Perhaps this is why Dr Harrison finds something like the Amalgamated Union of Bioinformaticians has (informally)
formed. We found that the ways in which biologists understand and position bioinformatics was a particular concern of bioinformaticians. From their view, biologists regard bioinformatics as a highly-skilled technical service. Dr Kennedy was asked whether he thought bioinformatics was a service or a discipline.
That is an excellent question. It is both. If you asked the bioinformaticists at my level, more often than not they will turn around and tell you it is a discipline. If you asked a biologist, they should say it is a service. They probably won't, but they should, because 90% of biologists I deal with or have dealt with in the past view, whether they know it or not, bioinformatics as a service (2006).
It is of note that Dr Kennedy, a bioinformatician, responded by describing the way in which biologists see, or more importantly use, bioinformatics. While a new discipline might work to shape itself -as in Dr Harrison's description of hardening boundariesit is often being positioned by those with existing power. Dr Kennedy suggests that even if biologists do describe bioinformatics as a discipline, the way in which they interact with bioinformaticians is to treat it as a service.
Dr Kennedy was asked to further describe how he, as a bioinformatician, perceives bioinformatics.
I view it as a discipline and it is a discipline because I suppose bioinformaticists at this level have their own research and are an interface between biology and computer science. So whether they [are] biologists or computer scientists, which they tend to be, it is still at that interface. In that respect, it is distinct as a research area [...] I mean research needs papers and the papers that come out are bioinformatics in nature, and they can be applied.
They can be computer science in nature or they can be involved in novel biological-type data. So, it is cross-disciplinary in that respect (2006).
Dr Kennedy reiterated that bioinformatics is a discipline by virtue of having its own, autonomous research area. Bioinformaticians that are able to conduct research themselves, rather than offer skilled technical assistance to the research of biologists, are able to conduct work that is innovative and creative. Bioinformatics might be distinct, but, as Dr Kennedy describes, it is also cross-disciplinary, located at the boundary between computer science and biology. Just as bioinformaticians can be found in different 'camps', so the research papers produced by bioinformatics 'can be computer science in nature or they can be involved in novel biological type data'.
A common feature of our interviews was that our participants did not feel that bioinformaticians are a homogenous group. Later in the interview, Dr Kennedy expands on his 'at this level' comment, constructing a boundary between researchdriven and service-driven bioinformatics. By doing so, he distinguishes himself from others involved in bioinformatics-work who occupy a lower level in the hierarchy of academic esteem.
[A] bioinformatician tends to be on the service side as a graduate MSc student or maybe a Research Fellow who has gone to work as part of a team, but does not come up with their own research. Essentially, they are providing a service; a data analysis service.
[Whereas] a bioinformaticist is viewed as, and these definitions are all mine, a bioinformaticist tends to be someone who actually carries out the research. So there is definitely a distinction. There are bioinformaticians out there and far more bioinformaticians than bioinformaticists, if that is how they are termed.
So yes that distinction does exist (2006).
That there are far fewer 'bioinformaticists' -those with a research identity -than there are service-orientated 'bioinformaticians' might be an ordinary feature of any field of human labour -that there are far more 'doers' than 'thinkers' -but some of our interviewees felt that this bias towards service provision in bioinformatics was an obstacle to the coherence of bioinformatics as a research discipline. For example, could it be that the positioning of bioinformatics as a service denies those working in the field the autonomy and opportunities to drive the field forward, to bring the biological and computing epistemes closer? The idiosyncratic terminology that Dr Kennedy uses has seemingly spread among the local community of bioinformaticians.
Dr Fairbrother, a lecturer in bioinformatics, also uses 'bioinformaticist' and 'bioinformatician' as an ordering device to illuminate distinctions within bioinformatics.
I think the one that I am told I should use is bioinformaticist. The last definition I heard was that a bioinformatician is someone who uses bioinformatics tools, a bioinformaticist is somebody who develops them
Jenkins, a PhD student in bioinformatics and molecular biology, has also adopted these terms, as they have spread down the local hierarchy. Jenkins wants to be viewed as a research bioinformatician, developing new applications and programs, rather than using existing ones to provide a technical service to biologists. However, he explains that he has been positioned, against his interests, perhaps as a product of the way bioinformatics is defined, as a service provider to biologists, being asked to conduct work over which he has no control.
The term collaboration implies a voluntary agreement between equals. Service bioinformaticians, however, are often not 'collaborating', but are contracted. The relationship is one of employer and employee, or, at least, service provider and client, not that of autonomous scientists collaborating in their mutual interests. Of course, few collaborations approach this ideal (Parker, Penders and Vermeulen, 2010) , but in the case of the service bioinformaticians, the power and economics involved in their relationships with biologists is all too apparent. The nature of these relationships, in turn, has an impact on the rewards and recognition enjoyed by bioinformaticians.
The positioning of bioinformatics as a service recalls studies of professions and of technicians in the sciences. Discussing the professions, Abbott (1988) argues that each profession makes claims to all the knowledge and practice within its exclusive domain. He might point to a subordinate relationship between the offspring, bioinformatics, and the parent, biology (Abbott, 2001) . That bioinformatics is dependent on the primary inscriptions produced by biologists -who belong to an existing, well-established discipline -means that their contribution is often set in the background. In the sciences, 'routine', but skilled and essential, procedures have long been delegated to 'invisible' technicians (from Shapin, 1989 through Keefe and Potowsky, 1997 , to Iliffe, 2008 , and it is professional (or in this case, disciplinary) groupings that hold the social power to delegate low esteem tasks to other groups of workers.
When (Hood 1990, p13) . Nearly twenty years later, Bruun (2007) found that "most secondary inscriptions) and biologists (the producers of primary inscriptions), we are not discussing their relationship with the laboratory technician running seemingly endless genome scans, but with the group that controls this data, and with the senior bioscientists that hold authority within that groups. The creators of primary inscriptions are groups; the specific individuals doing the wet work are often afforded little status or power, but the primary inscriptions produced are scientific capital. It might also be noted that large-scale science produces a more instrumental division of labour than the cosy, collegial collaboration that is often seen as the scientific ideal (Yearly, 1988) .
Because technical work is dependent on a body (or bodies, in the case of bioinformatics) of knowledge policed by autonomous scientific disciplines (or crafts and professions) the construction of the occupation of technicians is largely 'passive'.
Professions, crafts, and academic disciplines are 'active' with regard to the boundaries of their occupations, set through struggles to control the system of knowledge, the processes of training and recruitment and so on. In contrast to this, the occupation of technicians is shaped by powerful actors from outside. In the case of bioinformatics, biologists have the power to build the bioinformatics that suits them, through control of departments, funding bodies, peer review, etc. As Keefe and Potosky (1997) write, "most technicians work in complex organizations where they neither set the entry and performance standards of their occupation, nor control the educational process through which new recruits are trained. Most cannot formally self-regulate or selfgovern their work practices. Most important, technicians often operate within an established profession's field of knowledge and competence" (p. 54). Bioinformatics depends on the mass inscriptions of post-genomic science. As producers of secondary inscriptions, their work might be epistemologically central, but it is also institutionally dependent on (subordinate to, even) biology. The struggle for bioinformaticians, as they see it, is to ensure that they are able to build a disciplinary identity of their own, rather than an identity determined by biologists: the Amalgamated Union of Bioinformaticians, perhaps.
Building a disciplinary identity for an inter-discipline is not straightforward; bioinformaticians come from a number of disciplinary backgrounds, primarily from the life sciences and computer science. As described, this produces a situation in which bioinformaticians conceive of their emerging discipline in quite different ways. Furthermore, and of interest to an Amalgamated Union of Bioinformaticians, the black box pessimist is also concerned that the black boxing of knowledge has a deskilling effect, as the range of skills and knowledge required to do work narrows (McNally 2008, p223) . Black boxed tools might even shield researchers from being aware that they lack knowledge of, and expertise in, the very processes that produce the knowledge that they publish. In the case of bioinformatics, the ability to perform bioinformatics at a distance -working on digitized data -means that biologists relying on bioinformaticians as service providers can also be shielded from the fact that their research is underwritten by the work of highly skilled interdisciplinary experts who are vital to the success of post-genomic projects (Lewis, 2010).
Of course, the possibilities are not limited to two polar opposites; service or independent discipline. Within the broad discipline of biology, there are a tremendous number of specialisms -divided by technique and subject matter -so, are the questions facing bioinformatics simply the same questions that have been faced by other biospecialities many times before? The key difference, we maintain, is that the majority of these specialisms produce primary inscriptions. In the case of bioinformatics though, bioinformaticians are reliant on these primary inscriptions, on the labour of biologists in the laboratory or the field, in order to produce secondary inscriptions that contribute to biological knowledge.
What then of the position of a discipline such as mathematics in biology, producing no inscriptions of its own? Comparison can be drawn. However, the difference here is one of institutional and cultural power. Mathematics is an established discipline with a solid identity before its tools and expertise are turned to biological problems. It is secure -at least as much as is possible -with departments, courses, and prestigious chairs. Bioinformatics, on the other hand, arises out of the demands of biologists. And in the case of mathematics, the position in the hierarchy of the sciences (Storer, 1967; Cole, 1983 ) is clear; as the joke runs, "biologists answer only to chemists, chemists answer only to physicists, physicists answer only to mathematicians, and mathematicians answer only to God." It seems that without the institutional and cultural power derived from centuries of departments, courses, prestigious chairs, and
propagandists (comedic or otherwise), bioinformaticians must answer to biologists.
To conclude, we have highlighted two main tensions within the fledging field of bioinformatics: that between conceptions of bioinformatics as a service or as a discipline, and that between bioinformaticians coming to the field from the radically different hinterlands of biological science and computer science. The consequences of these two tensions are inter-related. The positioning of bioinformatics as a service to biology rather than an autonomous academic discipline may deny bioinformaticians the opportunities required to make advances, both professionally (by consequence of their peripheral access to the traditional reward structures of science) and scientifically. The complaint that few people in the field have the 'individual interdisciplinarity' (a solid grounding in both computer science and biology), is a complaint about barriers to scientific advancement. Pushing the boundaries of bioinformatics is the privilege of those with some degree of scientific autonomy coupled with access to the requisite level of interdisciplinarity (individual, collaborative, or collective) . Given that bioinformatics is central to the production of knowledge in post-genomic science, its positioning on the institutional edges of the academy could be seen to be a dis-service, to bioinformatics and, consequently, the life sciences in general.
